in the physiologic rather than the anatomic disturbances in tetralogy of Fallot." 2 Accordingly, the degree of pulmonary stenosis and the size of the ventricular septal defect are the factors of physiologic importance in this congenital anomaly. The dextroposition of the aorta is functional due to the high ventricular septal defect, and the right ventricular hypertrophy is secondary to the pulmonary stenosis. Thus, tetralogy of Fallot embraces a spectrum of hemodynamic possibilities depending upon the relative degree of pulmonary stenosis and the size of the interventricular septal defect. At one extreme is the patient with complete pulmonary atresia and a large interventricular septal defect (pseudotruneus arteriosus) and, at the other, minimal pulmonary stenosis with a small interventrieular septal defect. Between the extremes many physiologic possibilities exist, depending upon the relative severity of the two defects. There are, however, three distinct hemodynamic possibilities: (1) right-toleft intracardiac shunt at rest, (2) no right-to-left intracardiac shunt at rest but a right-to-left shunt upon exercise, and (3) a left-to-right intracardiac shunt but no rightto-left shunt either at rest or with exercise. In the first two instances a small left-to-right shunt may exist which is usually less than systemic blood flow. A fourth, exceedingly rare possibility exists which includes patients with pulmonary stenosis and interventricular septal defect but no intracardiac shunt either right-to-left or left-to-right at rest or upon exercise. Such a classification obviates such terms as acyanotic tetralogy of Fallot or "balanced tetralogy." The present study was undertaken to determine if the electrocardio-
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The electrocardiograms of 140 patients with tetralogy of Fallot from the Charity Hospital of Louisiana in New Orleans were studied. The patients ranged in age from 2 months to 42 years, the mean being 8.2 years. Of the 140 patients 69 were male and 71 were female; 78, white, and 62, Negro. The diagnosis was made from clinical, roentgenologic, and laboratory data. All of the patients had arterial oxygen saturation determined at rest and upon exercise while breathing air and oxygen. Ninety-one patients had cardiac catheterization. Angiocardiography was performed in 32 patients. The diagnosis of tetralogy of Fallot was confirmed at autopsy in 26 patients.
Electrocardiograms were recorded within a few days of cardiac catheterization in all except three of the 91 patients catheterized. Spatial vectorcardiograms were recorded in 33 patients with use of the tetrahedral reference system as previously described.3 The ventricular gradient of tended to be prominent in lead V,; and the R/S ratio was greater than unity ill all patients (mean ratio, 4.5).
The T Wave. The T wave ill the 107 patients of group I tended to show little abnormality. The T wave was upright ill standard leads I and 11 ill almost all of the patients but was inverted ill lead III in 31 patients ( . 6) .
The T Wave. The T wave was negative in lead I in two patients and in lead III in three patients. The T wave was inverted in lead V1 in 11 patients (58 per cent), in lead V2 in three patients (16 per cent), and in leads V4 and V6 in one patient.
The Ventricular Gradient
The characteristics of AQRS, AT, and 4 for the three groups of patients with tetralogy of Fallot are summarized in table 2 and figure 7. Before describing the AQUS, AT, and 4 for the four electrocardiographic types encountered in this group, a general description of these parameters for group I is given.
The AQRS was directed to the right and inferiorly or superiorly in the frontal plane in most of the patients. The (fig. 7) .
The ventricular gradient was directed inferiorly and to the left in 16 patients and inferiorly and to the right in three patients. The mean direction of in the frontal plane was 750 and the mean magnitude, 57.0 gtv. s. (fig. 7) . The Cf was deviated more to the right than normal in 11 patients. In four patients the angle between AQRS and was abnormally wide, whereas the angle between and AT was abnormally wide in one patient (table 2). In all of the patients with type A electrocardiograms (17 patients), the maximal instantaneous vectors of the QRS s-loops were directed inferiorly, to the right, and anteriorly. The mean direction of the QRS st-loop in the frontal plane projection was 1290 (range, 1010 to 1530). In every instance the QRS st-loop was inscribed in a clockwise direction in the frontal plane. The loops were generally wide, elliptical, and tended to display little if any distortion. In most of the patients the major portion of the QRS s-loop was oriented to the right of the 900 axis. The anterior displacement of the QRS sA-loop in the left sagittal plane projection was marked in most of the sVCG (mean, 1280) ( fig. 1) . The maximal mean instantaneous vector of the T sfi-loops was directed inferiorly, to the left, and anteriorly ( fig. 8) .
In types B and C (four patients) the QRS and T si-loops were similar to those described for type A except that there tended to be less rightward orientation of the QRS st-loop in the frontal plane projection (mean, 1160). As a result, a greater portion of the loop was oriented to the left of the 900 axis than in type A ( fig. 3) B had a QRS sE-loop that was inscribed in a counterclockwise direction ( fig. 2) .
In three of the four patients with type D electrocardiograms, the maximal mean instantaneous vectors of the QRS sE-loops were directed inferiorly, to the left, and anteriorly ( fig. 4 ). The fourth patient had a QRS sEloop which was similar to that described for type A. The maximal mean instantaneous vectors of the QRS s-loops in the three patients in this group were directed inferiorly and vertically in the frontal plane projection with as much of the loop being oriented to the left of the 90°axis as to the right (figs. 5 the heart is formed entirely by the right atrium and right ventricle, the left ventricle being displaced behind the right ventricle.10 Owing to the hypoplasia of the left ventricle, the degree of clockwise rotation of the heart is probably greater in tetralogy of Fallot than in any other congenital cardiac defect. The apex of the heart, composed of the right ventricle, is lifted upward and forward." 12 The electrocardiograms from the patients Certain aspects of the Q wave in lead III are of interest. According to Ziegler,'4 a Q wave in lead III is common in children and decreases in incidence with age. Weisbart and Simonson15 found a prominent Q wave in lead III in 12 per cent of normal young men studied. These investigators measured the amplitude rather than the area of the Q wave.
A report from this laboratory'6 of the electrocardiograms of 172 normal children from birth to 16 years of age, in which the area of the Q wave rather than its amplitude was measured, indicated that a Q wave was present in lead III in 61 per cent of the subjects studied and the mean area of the Q wave was 0.55 ,uv. s. ±0.45 ,uv. s. No statistical relationship was found between the area of the Q wave in lead III and the patient's age. In the present study, a Q wave was found in lead III in 75 per cent of the patients in group I, and in 28 per cent of these patients it was two standard deviations or more from the mean for the normal children.
The absence of a Q wave in lead V6 deserves comment. A Q wave is present in lead V6 in well over 90 per cent of normal infants and children after the age of 1 month.14 The youngest patient in the present series was 2 months old. The presence of a Q wave in lead V6 in only 13 per cent of the patients in group I supports the idea that in tetralogy of Fallot there is marked clockwiZe rotation of the heart. Slightly more than half of the patients with uncomplicated pulmonary stenosis or pulmonary stenosis and interatrial shunt display a Q wave in lead V6. Furthermore, when a Q wave is present in lead III, in these latter defects it rarely exceeds the normal limits for area.
The Since AQRS and 4 were both deviated to the right, whereas AT remained essentially normal in position, the angle between 4 and AT was usually wider than that between AQRS and 4. Because of clockwise rotation of the heart on its longitudinal axis, AQRS was located to the right of 4 The small magnitude of many of the loops was at times striking, the maximal mean instantaneous vector of the QRS sE-loop in the frontal plane being less than 1 mv. in 60 per cent of the patients. This was presumably due to the hypoplasia of the left ventricle.
In the older patients with tetralogy of Fallot the QRS sE-loops were oriented inferiorly and to the left. The relatively greater degree of orientation of the QRS si-loop to the left and the lack of anterior displacement of the loop in the older patients would seem to support the idea that with persistence of the anatomic defect there is increasing evidence of left ventricular electrical activity.
It is important to differentiate tetralogy of Fallot from pulmonary stenosis with reversed interatrial shunt. The sVCG of 10 patients with proved pulmonary stenosis and venoarterial interatrial shunt have been studied in this laboratory. In six of these 10 All of the patients without right-to-left shunts had QRS sE-loops that were oriented inferiorly and to the left. In the sVCG from three of these patients the centripetal limb of the QRS sE-loop was projected to the right, posteriorly and superiorly to the isopotential point. This type of terminal orientation of the QRS s4-loop was frequently found in uncomplicated ventricular septal defect and probably represents the late activation of a hypertrophied crista supraventricularis.7
From these data it may be postulated that in the tetralogy of Fallot the electrocardiogram, ventricular gradient and spatial vectorcardiogram vary with the degree of pulmonary stenosis in such a way as to display a progression from hypertrophy of the crista supraventricularis to generalized right ventricular hypertrophy with increasing degrees of pulmonary stenosis.
Summary
The electrocardiogram, ventricular gradient, and spatial vectorcardiogram were studied in 140 patients with proved tetralogy of Fallot. The patients were separated into three groups according to hemodynamic data.
The salient features of the electrocardiograin in patients of group I consisted of diminutive R waves in leads I and V6, a deep Q wave and high R wave in lead III, a prominent R wave in lead V1, which was not wide, and the absence of Q waves in leads I, V,, and V6.
The electrocardiogram in patients of group II was similar to that of the patients of group I except for the appearance of more signs of left ventricular electric activity and less clockwise rotation of the heart.
The electrocardiogram of the patients of group III was similar to that previously described for ventricular septal defect.
AQIis7 AT, . , and sVCG reflected the same general trend as the electrocardiograms.
The electrophysiologic data presented support clinical observations indicating that the tetralogy of Fallot includes patients with a wide range of hemodynamic differences.
